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Maintenance therapy has emerged as a novel therapeutic paradigm for advanced non-small-cell lung cancer (NSCLC). 
Maintenance therapy that aims to sustain a clinically favorable state after first-line chemotherapy has two strategies. 
Switch maintenance therapy entails switching to a new and non-cross-resistant agent in an alternating or sequential 
manner, on completion of first-line chemotherapy. Continuous maintenance therapy keeps ongoing administration of a 
component of the current regimen after four to six cycles of chemotherapy, if there is a stable disease, or better response. 
Both maintenance therapies can be continued, until disease progression. The potentittl evidence regarding maintenance 
therapy includes providing the opportunity to receive additional treatment, through sustaining tumor shrinkage, and 
delayed emergence of tumor-related symptom. Thus far, debates over the parameters used to predict the effectiveness 
of maintenance therapy, financial burden, and uncertainty of improving the quality of life exist. Despite many debates, 
maintenance therapy, which is currently recommended, has been disclosed to be beneficial. 
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Introduction 

Maintenance therapy is a new treatment strategy that aims 
to sustain a reduced tumor size and relieve tumor-related 
symptoms, in contrast to conventional chemotherapy that 
aims to maximize tumor cell death. 

Based on research data, the National Comprehensive Can- 
cer Network (NCCN) guidelines recommend maintenance 
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therapy in non-small-cell lung cancer (NSCLC) after first-line 
therapy, and many clinical studies of multiple regimens and 
modalities are currently underway. 

Maintenance therapy can be classified into two types: 
switch maintenance therapy and continuous maintenance 
therapy. Switch maintenance therapy involves switching to 
a different non-cross-resistant regimen in an alternating or 
sequential fashion if the response is complete remission (CR), 
partial remission (PR), or stable disease (SD) after four to six 
cycles of first-line platinum-based combination chemothera- 
py. Continuous maintenance therapy is to continue one or all 
component of the current regimen after four to six cycles of 
chemotherapy if there is a SD or better response. Both mainte- 
nance therapies can be continued until disease progression'. 

Much clinical and biological evidence regarding mainte- 
nance therapy exists". First, about 20-80% of NSCLC patients 
cannot receive second-line chemotherapy for multiple rea- 
sons, including poor compliance. Maintenance therapy can 
suppress disease progression and provide the opportunity to 
receive additional treatment. Second, according to the Goldie- 
Coldman theory^ resistant and slowly growing cancer cells 
remain after first-line chemotherapy which has killed the sen- 
sftive and rapidly proliferating cells. Use of different non-cross- 
resistant chemotherapy regimens is effective in eradicating 
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the remaining resistant cancer cells. Third, continuing low- 
dose cytotoxic chemotherapies can damage endothelial cells, 
ultimately decreasing angiogenesis in the tumor microenvi- 
ronment. Fourth, maintenance chemotherapy can activate the 
immune system against tumor cell. Despite number of studies 
showing an effectiveness of maintenance therapy, many con- 
cerns remain regarding the financial burden and uncertainty 
of improving quality of fife (QOL). Additionally, absence of the 
parameters used to predict the effectiveness of maintenance 
therapy and debates over whether progression-free survival 
is the optimal prunary endpoint in clinical trials to elucidate 
benefit of maintenance therapy should be considered in prac- 
tical appfication of it. 



Updated Guidelines 
for Maintenance Therapy in NSCLC 

NCCN version 2.2013 recommends continuous mainte- 
nance therapy using bevacizumab (category 1), cetuximab 
(category 1), pemetrexed (category 1), bevacizumab plus 
pemetrexed, and gemcitabine and switch maintenance ther- 
apy using pemetrexed, erlotiifib, and docettixel (categoiy 2B). 
It also recommends that close sm veillance of patients without 
therapy is a reasonable alternative to maintenance. 

More specifically, in anaplastic lymphoma kinase-negative 
non-squamous NSCLC patients, continuation of bevacizum- 
ab (category 1), cetuximab (category 1), pemetrexed (category 
1), bevacizumab plus pemetrexed, or gemcitabfiie and switch 
therapy to pemetrexed or erlotinib improve progression-free 
survivtil and overaU survival (OS). In patients with squamous 
cell carcinoma, continuation of cetuximab (category 1) or 
gemcitabine and switch to erlotinib or doxetaxel (category 2B) 
are recommended. 



Continuation of Platinum-Based 
Doublet Therapy 

Continuation of first-fine platinum doublet chemotherapy 
can be understood in the same context with cfinical studies 
evaluating the optimal chemotherapy duration. More than 
four to six cycles of platinum-based chemotherapy showed 
no benefit in increasing the overall response rate (ORR) or 
survival rate; rather, this chemotherapy regimen augments 
toxicity. Socinski et al.^ compared the OS and QOL in two 
gr oups of stage Illb/IV NSCLC patients: arm A (four cycles of 
carboplatui at an area under the cur ve of 6 and paclitaxel 200 
mg/m' every 21 days) or arm B (continuous treatment with 
carboplatin/paclitaxel until progression). That study showed 
no overtiU benefit in OS, ORR, or QOL to continuing treatment 
with carboplatin/paclitaxel beyond four cycles in advanced 
NSCLC. Additionally, other studies comparing six cycles and 



three to four cycles of chemotherapy also demonstrated that 
progression-free survival (PFS), OS, and the proportion of pa- 
tients undergoing second-line chemotherapy were not signifi- 
cantly different'''''. 



Continuation of the Non-Platinum 
Component of First-Line Therapy 

Pacfitaxel, gemcitabine, pemetrexed, vinorelbine, and dox- 
etaxel can be combined with platinum as fir st-luie chemother- 
apy for NSCLC patients. Among them, paclitaxel, gemcitabine, 
and pemetrexed were investigated as maintenance chemo- 
therapy. Belani et al.' showed that weeldy paclitaxel and car- 
boplatin foUowed by weeldy maintenance paclitaxel (70 mg/ 
m^ 3 of 4 weeks) was beneficial compared with observation 
alone after first-line chemotherapy. In this study, the median 
PFS and OS were 38 and 76 weeks in maintenance therapy 
gi"oup, respectively, and 29 and 60 weeks for the control group, 
respectively. However, this study did not analyzed statistical 
significance according to maintenance therapy; therefore, a 
need for further validation of the efficacy of weekly paclitaxel 
maintenance therapy exists. 

The Central European Cooperative Oncology Group (CE- 
COG) compared gemcftabine maintenance tlierapy and best 
supportive care (BSC) after combination chemotherapy using 
cisplatin (80 mg/m^) and gemcitabine (1,250 mg/m^ days 
1 and 8)". Patients showing CR/PR or SD after four cycles of 
first-line chemotherapy were randomized and maintenance 
arm received gemcftabine (1,250 mg/m^, days 1 and 8) every 3 
weeks until tumor progr ession. The differences in OS between 
the two arms were not statistically significant. With statisti- 
cal significance, the PFS was 6.6 months in the maintenance 
group compared with 3.6 months in the BSC group. However, 
subgroup analysis showed that good-performance patients 
(Karnofslcy scale>80) had a shorter OS in BSC arm than in 
maintenance arm (8.3 months vs. 22.9 months, respectively; 
hazard ratio (HR), 2.1; n=107). This means that good perfor- 
mance status (PS) can be valuable predictor in maintenance 
therapy. 

Belarfi et al.^ compared gemcitabine maintenance therapy 
and BSC after carboplatin {aiva imder die curve [AUC], 5) and 
gemcitabine (1,000 mg/m", days 1 and 8) combination che- 
motherapy. No significant difference was found ui the overall 
OS and PFS. And greater than grade 3-4 toxicities were noted 
in patients treated with gemcftabine maintenance therapy. 

Intergroupe Francophone de Cancerologie Thoracique- 
Groupe Francais de Pneumo-Cancerologie (IFCT-GFPC 
0502) is a well-designed controlled study to demonstrate the 
effects of gemcitabine maintenance therapy. In that study, 
good-performance patients (Eirropean Cooperative Oncology 
Group [ECOG] grade 1-2) with CR/PR or SD after four cycles 
of first-line chemotherapy using gemcitabine (1,250 mg/m^. 
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days 1 and 8) plus cisplatin (80 mg/m^, day 1) were random- 
ized to gemcitabine or erlotinib maintentmce therapy or BSC 
until tumor progression. All patients were treated with peme- 
trexed at progression. PFS was improved in the gemcitabine 
maintenance therapy group comptired with BSC (3.8 months 
vs. 1.9 months; HR, 0.55; p<0.001); however, no OS benefit for 
maintenance therapy was observed. The study did not com- 
pare the benefits of gemcitabine and erlotinib maintenance 
therapy. 

Continuation maintenance with pemetrexed was validated 
by the PARAMOUNT study'". Patients who did not progress 
after completion of four cycles of cisplatin plus pemetrexed, 
had an ECOG PS of 0 or 1, and achieved an induction re- 
sponse (CR, PR, or SD) were randomly assigned to receive 
maintenance therapy with either pemetrexed (500 mg/m" ev- 
ery 21 days) plus BSC or placebo plus BSC untO disease pro- 
gression. Only non-squamous cancer patients with good PS 
(ECOG 0 or 1) were enrolled in that study. Among the 359 pa- 
tients randomized to continuation maintenance with peme- 
trexed, a significant reduction was noted in the risk of disease 
progression over the placebo group (HR, 0.62; 95% confidence 
interval [CI], 0.49-0.79; p<0.0001). The median PFS, measured 
from randomization, was 4.1 months (95% CI, 3.2-4.6) for 
pemetrexed and 2.8 months (2.6-3.1) for the placebo. A sig- 
nificant benefit in OS was observed in the pemetrexed main- 
tenance therapy group compared with the placebo group ( 1 6.9 
months vs. 14.0 months, respectively). 



Switch Maintenance Therapy 
Using Cytotoxic Agents 

Vinorelbine, paclitaxel, docetaxel, and pemetrexed has been 
studied as maintenance therapy in NSCLC. 

Westeel et al.'' conducted a randomized trial to compare 
maintenance vinorelbine therapy with observation. Patients 
with stage IIIB NSCLC having two cycles of monthly mito- 
mycin-ifosfamide-cisplatin (MIC) followed by radiotherapy 
and those with "wet" stage IIIB (pleural or pericardial involve- 
ment), stage IIIB with supraclavicular node involvement, or 
stage IV (i.e., metastatic) NSCLC received 4 cycles of montlily 
MIC were enrolled". Patients who responded to MIC treat- 
ment were randomly assigned to receive intravenous vinorel- 
bine at a dose of 25 mg/m^ for 6 months or no further treat- 
ment. No difference in PFS was found between these arms 
(log-rMikp=0.32). 

Switch maintenance therapy using paclitaxel also did not 
show a benefit regarding OS and PFS'^. In diat study, patients 
were treated with three cycles of GIP (gemcitabine [days 1 
and 8]+ifosfamide [day l]+cisplatin [day 1]) chemotherapy. 
Patients with CR/PR or SD were randomly assigned to receive 
GIP maintenance or paclitaxel (225 mg/m^ per 3 weeks) 
switch maintenance therapy every 3 weeks. However, no 



significant difference in OS was observed. Regarding toxicity, 
the incidence of thrombocytopenia was increased in the GIP 
group, and that of peripheral neuropathy was increased in the 
paclitaxel-treated group, but the difference was not statistically 
significant. 

Fidias et al." conducted a phase III study of immediate 
compared with delayed docetaxel after front-line therapy 
with gemcitabine plus carboplatin in advanced NSCLC. The 
enrolled chemotherapy-naive patients had either stage IIIB 
NSCLC with pleural effiision or stage FV NSCLC. Gemcitabine 
(1,000 mg/m^) was administered on days 1 and 8 with carbo- 
platin (AUG, 5) on day 1. After 4 cycles of gemcitabine plus 
carboplatin per 3 weeks, patients who did not show progres- 
sion were randomly assigned either to an immediate docetax- 
el group (docetaxel 75 mg/m^) on day 1 every 21 days (with 
a maximum of six cycles) or to a delayed docetaxel group 
using docetaxel after observation and progression of tumor. 
The median PFS for immediate docetaxel (5.7 months) was 
significantly greater (p=0.0001) than for delayed docetaxel 
(2.7 months). The median OS for immediate docetaxel (12.3 
months) was greater tlian for delayed docetaxel (9.7 months), 
but the difference was not statistically significant (p=0.0853). 
The QOL results were not significantly different (p=0.76) 
between two docetaxel groups. Thus, patients seem to have 
benefited from docetaxel therapy, and the patients in the im- 
mediate docetaxel arm trended toward improved OS because 
a greater number of patients could receive treatment. Treat- 
ment was discontinued in 37.2% of patients in the delayed 
docetaxel group, and the major reason was disease progres- 
sion. However, in the immediate docetaxel group, only 5% of 
patients interrupted the treatment, suggesting that NSCLC 
patients may be healthier and prone to receive additional 
therapy if maintenance therapy is offered immediately after 
front-line chemotherapy. 

Ciuleanu et al.'* conducted a randomized, double-blind, 
phase III study to validate the benefit of pemetrexed mainte- 
nance therapy. Patients who had not progressed on four cycles 
of platinum-based chemotherapy were randomly assigned 
(2:1 ratio) to receive pemetrexed (500 mg/m^, day 1) plus BSC 
or placebo plus BSC in 21 -day cycles until disease progr ession 
(JMEN study). Pemetrexed maintenance therapy compared 
with placebo, significantly improved PFS (4.3 months vs. 2.6 
months, respectively; p<0.0001) and OS (13.4 months vs. 10.6 
months, respectively; p=0.012). With these results, pemetrexed 
was approved as switch maintenance therapy for NSCLC in 
the United States and Europe. This study included some squa- 
mous NSCLC cases (26% in the pemetrexed group and 30% 
in the placebo group). Sub-analysis revealed that pemetrexed 
maintenance is not beneficial toward PFS and OS in squa- 
mous NSCLC, a finding that is consistent with the results of a 
previous study of the effectiveness of pemetrexed used exclu- 
sively for non-squamous NSCLC. 
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Maintenance with Targeted Agents 

Targeted therapies, including bevacizumab, cetuximab, er- 
lotinib, and gefitinib, can be used as maintenance therapy for 
NSCLC. Continuous maintenance therapy with bevacizumab 
or cetuximab shows a benefit in PFS and OS. The results of 
clinical trials of erlotinib and gefitinib as continuous mainte- 
nance therapy were disappointing, but switch maintenance 
therapy with erlotinib and gefitinib produced a significant 
benefit compared with placebo or observation. 

1. Bevacizumab 

The fii^st clinical study showing the value of bevacizumab as 
maintentuice tlierapy was conducted by Sandler et al.'" (ECOG 
4599). NSCLC patients were assigned to chemotherapy with 
paclitaxel and carboplatin alone or paclitaxel and carboplatin 
plus bevacizumab. Chemotherapy was administrated every 4 
weeks for six cycles, and bevacizumab was administered ev- 
ery 3 weeks until disease progression. 

The OS was 12.3 months in the group assigned to chemo- 
therapy plus bevacizumab comparted with 10.3 months in the 
chemotherapy-alone group (HR, 0.79; p=0.003). The PFSs in 
the two groups were 6.2 and 4.5 months, respectively (HR, 0.66; 
p<0.001). A higher frequency of treatment-related adverse 
events, such as neutropenic fever, hemorrhage, proteinuria, 
and hypertension, were observed in the chemotherapy plus 
bevacizumab group. However, this study was not initially 
designed to reveal the effect of bevacizumab as maintenance 
therapy, and some liinitations exist regarding conclusions on 
the effect of bevacizumab maintenance therapy. The AVAIL 
study demonstrated that bevacizumab plus cisplatin-gem- 
citabrne also significantly improved PFS and ORR, but OS was 
not increased with bevacizumab^'''' '. 

Patel et al.'^ conducted a phase II study of pemetrexed and 
carboplatin plus bevacizumab with maintenance pemetrexed 
and bevacizumab as first-hne therapy for nonsquamous 
NSCLC. Fifty patients were enrolled initially; among them, 30 
patients (60%) completed six cycles of pemetrexed-carbo- 
platin plus bevacizumab therapy and 9 patients (18%) com- 
pleted 18 cycles of maintenance therapy. The results that the 
ORR was 55%, and the median PFS and OS were 7.8 months 
and 14.1 months, respectively, justify a phase III comparison 
against the standard of care. 

2. Cetuximab 

Similar to bevacizumab, clinical trials with cetuximab have 
some limitations in terms of validating the value of cetuximab 
as maintenance therapy. However, some studies, such as the 
FLEX and BMS-099 trials, showed the potential benefit of ce- 
tuximab as maintenance therapy'^"". 



3. Erlotinib 

Erlotinib has been approved in Korea as maintenance ther- 
apy in patients with CR/PR and SD after platinum-based che- 
motherapy. The evidence for a benefit was validated by the Se- 
quential Tarceva in Unresectable NSCLC (SATURN) study". 
The median PFS was significantly longer with erlotinib than 
with placebo: 12.3 weeks for patients in the erlotinib group 
versus 11.1 weeks for those in the placebo group. The PFS 
benefit with erlotinib therapy is uncleai: Prolonged 1 month is 
questionable benefit. However, frequent fails to receive further 
treatment in observation arm suggests that maintenance ther- 
apy has the potential benefit. The Avastin Tarceva Lung Ad- 
enocarcinoma Study (ATLAS) study compared the effects of 
bevacizumab therapy with or without erlotinib after comple- 
tion of chemotherapy (platinum plus bevacizumab). This trial 
was stopped at the second planned interim efficacy analysis 
because it met the primaiy endpoint. The median PFS was 4.8 
months with bevacizumab plus erlotinib and 3.7 months widi 
bevacizumab alone (HR, 0.722; p=0.0012). The final analysis is 
in progress. 

4. Gefitinib 

Gefitinib was vafidated as a maintenance therapy in NSCLC 
by multiple, well-designed trials, including the West Japan 
Thoracic Oncology Group 0203 (WJTOG0203), INFORM (C- 
TONG 0804), and European Organization for the Research 
and Treatment of Cancer (EORTC) 08032-ILCP studies. In 
the WJTOG0203 study Asian NSCLC patients were randomly 
assigned to either platinum-doublet chemotherapy up to six 
cycles or platinum-doublet chemotherapy for three cycles fol- 
lowed by gefitinib 250 mg ortilly once daily until disease pro- 
gression^^. There was a statistically significant improvement 
in PFS in the gefitinib maintenance gioup (HR, 0.68; p<0.001); 
however, the OS results did not reach statistical significance 
(HR, 0.86; p=0.1 1). In subset analysis of OS by liistologic group, 
patients in the gefitinib maintenance group with adenocar- 
cinoma did significantly better than patients in the control 
group with adenocarcinoma (p=0.03). The exploratory subset 
analyses demonstrate a possible survival prolongation for se- 
quential therapy of gefitinib, particularly in adenocarcinoma 
patients. 

INFROM was a phase III, randomized, placebo-controlled 
study that evaluated the efficacy and safety of gefitinib versus 
placebo as maintenance therapy in NSCLC patients with 
good performance (ECOG 1-2) after four cycles of platinum- 
based chemotherapy^^. The median PFS was 4.8 months in 
the gefitinib maintenance group and 2.6 months in the pla- 
cebo group (HR, 0.42; p<0.0001). Sub-analysis showed that, in 
epidermal growth factor receptor [EGFR] mutation-positive 
patients, the PFS of the gefitinib maintenance group was 
markedly increased (16.6 months vs. 2.8 months in the con- 
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trol group; HR, 0.17); in EGFR mutation-negative patients, no 
significant difference in PFS was found. This study could not 
show improvement in OS due to allowance of patient cross- 
over at progression. 

The EORTC 08021-ILCP trial was a double-blind, ran- 
domized, placebo-controlled phase III study of gefitinib in 
patients with non-progressing NSCLC after four cycles of 
platinum-based chemotherapy^ '. This trial was prematurely 
closed due to low accrual. The results indicated that gefitinib 
maintenance therapy significantly prolonged the median PFS 
(4.1 months vs. 2.9 months in the control group; p=0.0015) 
but did not improve OS. Gefitinib maintenance therapy after 
platinum-based chemotherapy did not improve OS. Thus, tliis 
maintenance treatment is not recommended at present. 



Careful Consideration 
of Maintenance Therapy 

In most studies of the effect of maintenance therapy, PFS 
was the primary endpoint. Additionally, few studies report 
a significant difference in OS, indicating that maintenance 
therapy can increase PFS but have little impact on OS. Fur- 
thermore, in contrast to the definite standard of OS, that of 
PFS might differ among researchers. PFS cannot guarantee 
objectivity without an independent review. Thus, some issues 
arise concerning the real significance of PFS improvement 
in patients treated with maintenance therapy. This problem 
becomes more obvious when evaluating PFS after six cycles 
of chemotherapy rather than four cycles. In the SATURN 
study, OS was significantly increased only in the patients who 
showed SD after four cycles of chemotherapy. These data sug- 
gest that the SD in those patients might actually be progres- 
sive SD according to the Response Evaluation Criteria In Solid 
Tumors (RECIST), and so erlotinib maintenance therapy is 
practically early second-line chemotherapy"^. 

Insufficient data exist concerning the proportion of patients 
treated with second-line chemotherapy and the adequacy of 
regimens used as second-line treatment. In die PARAMOUNT 
study, only 4% of patients in the control group received peme- 
trexed as second-line chemotherapy at disease progression. 
The increase in PFS and OS with pemetrexed maintenance 
therapy might be due mainly to whether the patients were 
treated with pemetrexed, rather than the impact of mainte- 
nance tlierapy. 

A clinician's expectation of the outcome of maintenance 
therapy is not merely an extension of PFS or OS. One of the 
major goals of maintenance therapy is increasing QOL. How- 
ever, most clinical trials, except large-scale studies, did not 
evaluate QOL. Some studies, such as the PARAMOUNT and 
SATURN studies, reported that maintenance therapy did not 
affect QOL significantly. The JMEN study evaluated QOL ob- 
jectively by assessing the time to symptomatic adverse events. 



The results indicated that pemetrexed maintenance therapy 
delays significantly serious adverse events such as severe pain 
or hemoptysis' '. However, the vtilue of maintenance therapy 
in terms of improvement of QOL remains to be clarified. 
When deciding to administer maintenance therapy, the pros 
and cons of tliis therapy in terms of multiple aspects should 
be considered. 

Generally, only a proportion of NSCLC patients, -20-80%, 
receive second-line chemotherapy. Many studies have re- 
ported consistent data that maintenance therapy markedly 
increases the rate of receiving second-line therapy, and might 
be a major benefit of maintenance therapy. However, Fidias 
et al.'^ reported no OS improvement in maintenance therapy 
using docetaxel. Two possible interpretations of these results 
can be considered: 1) using docetaxel is an important issue or 
2) sufficient PS to receive second-line therapy is more impor- 
tant issue than maintenance therapy. 

According to the results of a study in Korea^'', the proportion 
of patients receiving second-line tlierapy in Korea is high (86%) 
compared with that in other countries. The benefit of mainte- 
nance therapy in Korea, where most NSCLC patients undergo 
second-line chemotherapy, should thus be considered care- 
ftilly. 



Conclusions 

More than four to six cycles of platinum-based combination 
chemotherapy increases toxicity and shows no survival ben- 
efit although those resufts in modest improvements in OS and 
QOL in NSCLC patients. However, recently updated evidence 
for maintenance therapy is encouraging. Patients are likely to 
cause timior related symptom can get benefit from the main- 
tenance treataient, who have a large tumor causing symptoms 
or no severe adverse event during previous therapy^'. Thus far, 
no randomized studies have compared the effect of regimens 
in maintenance therapy, and the optimal drug for mainte- 
nance therapy remains to be identified. Despfte much debate, 
continuous maintenance therapy with pemetrexed and 
switch maintenance treatment using erlotinib or pemetrexed 
has been revealed to be beneficial, and these treatments are 
currently recommended. More comprehensive studies are 
needed to validate tlie value of maintenance therapy. 
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